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SPECIFICATION 
TO ALL WHOM IT MAY CONCERN: 

Bet it known that I, Kyung-Ju Choi, a citizoi of the United States of America and 
resident of Jeffoson County, 3tate of Kratucl^, whose Post AOfifice Address is: 8406 lUinning 
Spring Drive, Louisville, Kentoidcy, 40241, have inyi^led 
niethod and product^ namely: '. -^'rr^; 



TITLE OF INVENTION 



CROSS-REFERENCE tX) 
RELATED APPLICATIONS 



STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR 
DEVELOPMENT 



SERIES ARRANGEMENT FOR 
FORMING LAYERED FIBROUS MAT 
OF DIFFERING FIBERS AND 
CONTROLLED SURFACES 



APPLICATION NO. 09/635,310, FILED 
08/01/00 



SEQUENCE LISTING 



NOT APPLICABLE 
NOT APPLICABLE 



1 



BACKGROUND OF THE INVENTION 

The present invention relates to a method, apparatus and product relating to fibrous mat 
and more particularly to a unique and novel arrangement for making fibrous mat in such a 
combined mannv that the resulting attenuated fibrous layered mat has fiber layers, each of select 
fiber size distribution fmd, if elected, a controlled surface and variable permeability. 

The present invention has particular q>plicability to polymer fibrous mat produced by 
melt blowing die apparatus but it is to be understood that ihe j^resem invention can be r^ily 
utilized in layered mat production whorein layered fibrous midb of other fibrom^ 
addition to presdected polymer material - such as glass - are extracted in die attenuated form 
fipom heated die sources unto spaced collector sources. 

Layered fibrous mat composed of fibers attenuated fiom a heated die source unto a 
spaced layoed mat collector surface are generally well known in both the glass and melt blown 
arts but none have utilized the unique and novel unified arrangement disclosed herein. Although, 
as above-noted, the present inventi<m is not to be considered as. limited to die feeding polymer, 
materials from heated melt blown die sources, the unique and novel anangemen^ 
has particular q>plicability in the melt blowing die feeding arrangements as disclosed in the 
United States Patents N(». 5,725,812, issued to Kyung-Ju Choi on March 10, 1998; No. 
5,891,482, issued to Kyung-Ju Choi on April 6, 1999; No. 5,976, 209, issued to Kyung-Jii Choi 
on Nov. 2, 1999; No. 5.976,427, issued to Kyung-Ju Choi, also on Nov. 2, 1999; No. 6,159,318, 
issued to Kyung-Ju Choi on Dec. 12, 2000; and No. 6,230,776, issued to Kyung-Ju Choi on May 
15,2001. 

The external treatment of fibers with respect to a fiber collecting source is generallyvwdl . 
known in the production of non-woven fabrics, attentioQ.lbeiiiiB directed^:^to^^^ Patent No: 
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4,095,312, issued to DJ. Haley on June 20, 1978, wherein fibers a^^ 
feeding sources to a pair of moving collecting surfaces to form a nip; to U.S. Patent No. 
4,100,324, issued to R.A. Anderson, et al. on July 1 1, 1978, wherein wood pulp fibers are added 
to a matrix of collected polymeric melt blown micro fibers; to U.S. Patent No. 4,267,002, issued 
to C.H. Sloan on May 21, 1981, wherein fibers are formed in elongated rod shape with a heavy 
build-up in a central portion and a light build-up in a lip portion folded back over the central 
portion; to U.S. Patent No. 4,375,446, issued to S. Fujii, et al. oh March 1, 1983, wherein melt 
blown fibers are coUected in a vjs^ley-like fiberKJolle^ 

and compressible porous plates which have a conttoUed riuiii^ to ;U.S.; 

Patent No. 4,526,733, issued to J.C. Lau on July 2, 1955, wherein a fluid stream of attenuated 
fibers is preselectively temperature treated upon exiting die tip orifices to provide improved 
collected web properties. 

Although these above-noted patents disclose various external treatments of fiber streams 
attenuated fi-om heated die sources, none teaches or suggests, either alone or in combination, the 
economical and straight-forward arrangement which includes successively^ feeding and 
combining fiber layers, each layer having select fiber size disliril^^^ and, if ;tjl(wte<i, the novel 
diversion and vortically creating force ex:ertion of a selected portion of fiber streams to pro vidb 
fiber layers with select fiber size distributions, selected surface, and, selected variable 
permeability of the total fibrous mat as it passes to a fiber collecting source. 

The present invention provides a unique and novel die attenuated fiber arrangement 
includmg a straight-forward, econoinical and inventively unified production method, apparatus 
and final layered, relatively strong fibrous mat product which allows for efficient and economic 



control of fiber size distribution, surface, and penneabili^ of a layeried fibrous mat pijbduct ^ 
which can have selected /iber size distributions, variable density; pqineabiU^ surface. 

The present invention accomplishes the unique features thereoif with a minimum of 
apparatus, parts, elements, and method steps in both manufacture and maintenance and, at the 
same time, which allows for ready adjustment to control variable fiber mat density, fiber 
distribution, mat permeability and surface in selected areas of a produced fibrous mat. 

Various other features of the present invention will become obvious to one skilled in the 
art upon reading the disclosure set forth herein. - 

BRIEF SUMMARY OF TlffilNyENl^^ ; 

More particularly die i^esent invention provides r unified, unique and novd method, 
q)paratus and product arrangement in the production of die attenuated fibrous mat which cm be 
utilized in any number of commercial environments - one of which being the fluid filtration art. 

Specifically, the present invention provides a unique and novel mediod of forming a web 
of fibrous media comprising: feeding fibos in attenuated multiple fiber layors fix>m a first 
spaced orifice zone in a first feed podi to a first sdectiVely spiuied, Icmgitudinally ebctendiiig, 
rotating collector zone in successive lower and upper fiber layos, the first fibm having a first 
selected fiber size distribution >Kdien passed to the first collector zone to forni a first fibroiis mat 
having a first selected fiber size distribution; feeding the first formed fibrous mat to at least a 
second similarly rotating collector zone selectively spaced fix>m the first rotating collector zon^ 
feeding second fibers in attenuated multiple fiber layers fimn a second spaced orifice zone in a 
second feed path to a second similariy rotating collector zone selectively spaced from the second 
orifice zone to form a second fibrous mitt combined with die first fibrous mat fed to the second 



collector zone from the first collector zone» the second fibers having a second selected fiber sfize 

distribution and, feeding the combined fiber mat fiom tfe seo^ 

matfbrmingzone. 

In addition, the present invention provides several embodiments of method steps for 
controlling the outer surface or surfaces of the wd) of filter media formed by the novel method 
embodiments described herein. 

Further, the presrat invention provides in a unified manner, a unique and novel mat of 
fibrous media annprising: at least a first layered mat portion of selected first fiber size 
distribution and permeability and at least a second layered mist portion of selected second fiber 
size distribution, and permeability, both tiie fiik and secdi^^^ 

substantially aligned fibers of first and second selected fiber size distributions^ and permeabilities 
with eadi bdng a tten ua te d as layers fh>m spaced die sources directly to separate spaced similarly 
rotating collector sources with one of such sources receiving the layered mat portion fbm the 
other of the spaced ooUeclor sources. 

In addition, the present invention provides q>parBtus for manufacturing a fibrous mat 
comprising a first die source including spaced die orifices o^xible of feeding a first attenuated 
multiple fiber layered portion; a first sdectivdy . gq> spai^ Ibhj^tudinaU firist: 
rotating collector surfiace to eventually receive die totadily of the firsrUyered pOrtion;^^i^^ 
^ spaced second die source including spaced die orifices ciqpable of feeding a second attenuating 
multiple fiber layered portion; a second selectively gap spaced longitudinally extending second 
similarly rotating collector surface to eventually receive the totality of the second fiber layered 
portion, the second rotating collector surface being spaced fiom the first rotating collector 
surface; and, transfer and orientation means positioned between the first and second collector 



surfaces to orient and transfer die first layered mat portion from the first rotating collector 
surface to a select quadrant of the. second similarly rotating collector surface. 

Mbrieav^ the present invention pix>vides seyeinU^;^;!^^ rotating <^^^ s\afice:o c^^^^^^^ 
embodiments associated with the unique apparatus described herein tp^^^^^^^^^ 
permeability and strength of the outer surfaces and the fiber composition therebetween of the 
novel fibrous media mat described herein. 

It is to be understood that various changes can be made by one skilled in the art in the 
several steps of the method and the several elements and parts of the product and apparatus 
herein disclosed without departing from the scope or spirit of the present unified invention. 

BRIEF DESCRIPTION OF THE DiUW^ v;^ 
Referring to the drawings which disclose sevieral advantageous e^ oif the 

present invention and modifications thereto: 

Figure 1 is a schematic side view of one embodiment of the novel apparatus of the 

present invration; 

Figure 2 is a schematic side view similar to that of Figure 1, further disclosmg a novel 
collector-like vortically creating force deflector. 

Figure 3 b a schematic, cross*section of a portion of a novel fibrous mat produced by the 
... novel apparatus of Figure 1;-; 

Figure 4 is anodier schematic, cross-section of a portion of a novel ifibrous mat produced 
by structure similar to that of Figure 1 and including the novel apparatus of Figure 2; 

Figure S is a schematic side view of a second embodiment of the novel apparatus of the 
present invention; 
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Figure 6 is a schematic cross-sebtiottd s 
arrangemeiit of Figure S; 

Figures 7 and 8 are schematic side views of a third raibodiment of the novel apparatus 
and cross-sectionai side view of the fibrous mat produced therd)y; 

Figures 9 and IQ are views like Figures S-8 disclosing a fourth embodiment of the jpresent 
invention; 

Figures 1 1 and 12 are views sinular to Figures 5-10, disclosing a fifth embodunent of the 
present invention; and. 

Figure 13 is a schematic chart disclosing the companttiye bond strength in pounds fm 
spaced stations extending fipm edge to edge of a fibrous mat of the mveqtion when 

compared with two commercially competitive fibrous mats. 

DETAILED DESCRIPTION OF THE DRA\yiNGS 
Referring to Figure 1 of the drawings, one embodiment 2 of tiie novel apparatus of the 
invention is disclosed for forming the unique kiymd web of fibrous media in accordance with 
the inventive ovierall arrangement described herem. 

Th^ ovmll arrangement of embodiment 2 includes three spaced successive similar 
fibrous mat forming structures 3^ 4 and 6. Each of these three structured includes a first melt 
blown die source 7 which includes spaced die orifices 8, each capdble of feeding one of three 
fiber feed paths of attenuated multiple filter fiber layer portions to one of three longitudinally 
extending^ cylindrical rotatable collectors 11, each of vMch collectors has a periphmd, 
perforated collector surface selectively spaced from and aligned with the first melt blown die 
source 7 including spaced die orifices 8. A suitable motor and gear driyen system (not shown) 



can be provided to rotate each peiforated collector 1 1 in a selected clockwise iptatidnal direction, 

as shown by the rotational arrow of Figure 1. It is to be utiderstp^ 

coUecftor 11 eventually receives the selected totdity oif the Hiter. Hber: layered po 

fiber feed path and that each collector 1 1 can be provided with an q)propriate internal coolant or 

vacuum source 12, the internal piping and expansive arrangement being disclosed schematically 

in Figure 1 and is similar to that as shown in above U.S. patents no. 6,159,318 and No. 

6,230,775. In an advantageous embodiment of the present invention collectors 11 can be 

selectively spaced from die orifices 8 appipxunately in the range of two (2) to sixty (60) inches 

and preferably approximately eighteen (18) inches. The poljnpa^er Volumes and^^^^^ 

die are appn)priately Sfdected for^^ ; 

To accomplish the transfer of layered fib^ portions fifbm one spaced, j^rforated rotate 
collector 11 to the next adjacent collector 11, longitudinally extending idler rolls 13 are 
positioned between collectors 11. These idler rolls 13 are positioned relative the three spaced 
rotating collector 9, m accordance witfi one feature of the present invention, so that the layered 
mat portion formed on the peripheral surface of a preceding rotatable collector 1 1 passes from its 
first cross-sectional quadrant in its rotational direction in oriented fashion along spaced idler rolls 
13 to an adjacent ro^table spaced coUector U so as to be^^ 
11 along the foiuth cr<M|s-secti6nal quadrant - that b advimi^raiuly^ 
ninety (90^ degrees of a preceding cross-sectional quadrant to an approximately two hundred 
seventy (270^ degrees of an adjacent, following collector crdss-sectional quadrant 

It is to be understood that, in one embodiment of the present invention, the fibrous layer 
portion of one fibrous feed path 9 can be superposed above the fibrous layer of another or vice 
versa - all in accordance with appropriate motor and drive gearing, as well as feed timing (not 



shown). Also, in accordance with another embodiment of the present invention, it would be 
possible to selectively intersperse the fibers of the two fibrous layer portions of fibrous feed 
paths 9: • • ■ ' ^- • /iV:;^ O-'-K-.'.- . ■ -v ' " ■ ■ 

Further, in other features of the present invention, the fibrous filter media mat formed in 
portions on die successive mat forming structures 3, 4 and 6, as above described, which mat is 
subsequently passed to an additional work forming station (also not shown in detail but shown 
schematically as block 14) can be of selective composition fiber size distributions, and web 
penneability. 

Advantageously, the fust layered filter media mat portion formed by a feed path 9 fiom 
die orifices 8 can be of syndi^c composition with fiber size distribudmis, being in the 
approximate range of zero jpioint one (0.1) to twenty-seven (21) odjcrbm 
range of five (S) to two thousand (2000) cubic feet per minute per square foci (cfo/fi^). . The 
second layered filto" media mat portion formed by a feed path 9 from die orifices 8 can be of 
similar synthetic melt blown composition with fiber size distributions in the {proximate range 
of one (1) to fifty (SO) mioometers and the permeability can be in the approximate range of 
thirty (30) to four thousand (4000) cubic feet per minute per square foot (cfin/ftZ). The third 
layered portion also can be of similar composition within similar selected fiber size distribution 
and penneability ranges as the second layered portion. 

Referring to Figure 2 of the drawings, still another additional structural feature Qf the 
present invention can be seen. This adciiti<»al structural feature can be included with any one or 
more of the mat forming stnictures 3, 4 and 6 like that shown in Figure 1, as might be elected 
and in accordance with the specific nature of a fluid stream to be treated. 



In a manner similar to that of co-poiding application Serial No. 09/635,310, a direction 
and external vortically creating force in the form of counter-clockwise rotational, cylindrical 
drum 16, which is of smaller surface than the clockwise rotational cylind^cal collector 11. rjhe 
drum 16 is gap-spaced a prelected distance from collecto^^^^^^^^^^^ 
vortically creating foi^ on a preselected portion of the multi^^ 

reformed on collector 11 to join the remaining portions of the multiple fiber sheet. This action of 
counter-rotational diverter drum 16 sorves to curl the fibos M^en returned to the rotatable 
collector 11. It is to be understood tiiat the diverting arrangement as shown, as well as saich other 
divoting arrangonents disclosed in the aforementioned co-prading application, can be employed 
with the collectors as shown and with otha-.coUectors ^ch mi^ be added to the overall mat 
-forming structures. i '':<.''^Vh -. : \X.^l. :'\:-'::'^''h,-;^^ 

In sumnuuy and in carrying out one embodiment pf the present inv^tipiD iii accprdance 
with the mat forming structures 3, 4 and 6 of Figure 1 with fibors in the sisse range of zero point 
one (0.1) to fifty (SO) micrometers as elected for each of tiie structures 3, 4 and 6, first filter 
fihets are fed in a first feed zone from spaced melt blown orifices, the first filter fibers being of 
synthetic melt blown composition with a permeability in die ^q>proximate range of five (5) to two 
thousand (2000) ciri>ic feet per minute per square foot (cfm/ft^) and a fiber size distribution in the 
approximate range of zero point one (0.1) to twenty seven (:27) niioomet^ the fibers forming a 
first portion of a combined filtv mat on a first rot^ coU6ptor a3>ne ifi s^ 

low« and upper first layers in die first zone. The first portion of tibp mat is ihe^^ 
filto* niat orientation feed zone to second and third spaced similarly rotating collector zones to 
peripherally collect thereon. 
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More specifically. In die second and diird filter zones, flbers which also can be of 
syndiedc melt blown composition are fed in like feed paths 9 from second and third spaced melt 
blown orifices 8, the second and third fibers in feed paths 9 having permeability in the 
approximate range of thirty (30) to f<nir thousand (4000) cubic f^ per minute per square foot 
(cfm/ft2) and fiber |ize) distributions in die ap|)roxunale^^ i^ 

micrometers. The second and third fiber paths 9 are fed to second and diird spaced lotatiiig 
collector zones 1 1 in successive lower and upper fiber layers or in an interspersed manner with 
fibers from the preceding zone or zones forming a second and third portions of the combined 
filter mat with preceding portions of the mat The combined mat portions are then passed to a 
further work zone (shown schmatically as block 14). 

It is to be understood that, if desired, the vortically creating external forces as above 
discussed, can be employed in one or more of the collecting 
entangled fibers, on at least ^ portion of inyentive layerj^^^ i^^ 

in accordance with anothv feature of the mvention that m each of the mat forming structures 3, 4 
and 6, the spacing between die orifices 8 and rotating cylindrical collectors 11 in each mat 
forming structure advantageously is of significant unport and advantageously should be in the 
range of approximately two (2) to sixty (60) inches. 

Referring to Figures 3 and 4 of the drawings, schematic cross-sections of two fibrous 
mats 17 and 18 can be seen, fibrous mat 17 haying been produced by apparatus similar to that 
shown m Figure 1 of the dravno^ and mat 18 having been prc^^ by appaisA^ 
that shown in Figure 1 but which also includes a vbrticiilly m 

(Figure 2) cooperative with at least one of the rotatable cylindrical drums of the structure of 
Figure 1. 
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It is to be noted in Figures 3 and 4 that the outer surfaces 19 and 21, here shown 
respectively in each of Figures 3 and 4 as the upper surface, is of a smooth, skin-like nature as 
distinguished from the lower surfaces in each figure. This is a consequence of selectively 
attenuating fibers of a comparatively smaller fiber size distribution into the feed path of either 
the first or last fibrous producing layers ininat forming stmcb^ 6. ; 

It is to be understood that either the first, last or both such end fibr^ producing 
layer strucbires can be so arranged to produce such a desired outer swface \^ 
produced woric product at 14 being appropriately inverted, as might be occasioned. 

It further is to be noted in Figures 3 and 4 that the lower layers 22 and 23 of mats 17 and 
18 respectively are selectively of coarser nature^ the attenuated fibers being of comparatively 
greater fiber size distribution. Moreover, lower layer 23 of Figure 4 is shown as entangled as the 
consequence of the afpredesaibed vortical force fiber displacetnent by counter-rotating smaller 
drum structure as shown in Figure 2. 

In Figures S and 6/ another embodiment of the. present ^hi this t 

embodiment, spaced mat forming structures 24 and 26 are disclosed Each mat forming structure 
includes a melt blown die source 27 with die orifices 28 adapted to have attenuated therefrom 
fiber feed paths 29 unto spaced, cylindrical, fiuid p^ous, rotatable cylmdrical collectors 31, 
each collector including coolant or vacuum piping with expanders 32 at the distal end. A 
triangularly spaced idler roller set 33 is positioned between the two spaced fluid pervious 
rotatable, cylindrical collectors 31 and an idler roll^ 34 is positioned below^^^^ later of 
collectors 31 to receive and direct the li^ered fibrtnis jn^ 

embodiment of the invention, only two spaced rotatable roll^^tors 31 are disclos^. ?^ 
perforated collectors 31, like the three spaced perforated collectors 11 of Figure 1, are shown to 
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rotate in the same direction and to receive fiber feed paths 29 attenuated from orifices 28 in the 
first cross-sectional quadrant of each collector in a manner similar to the feed paths 9 and 
collectors 11 arrangement of Figure 1. 

The resulting layered melt blown fibrous mat 36 can be seen in the schematic cross* 
sectional drawing (Fig^re 6) to include a smooth skin-like outer surface 37 formed by the finer 
attenuated fiber layer 38 having comparatively smaller fib» si2» distribution than the c6^^ 
attenuated fib^ layer 39. - ' 

Referring to Figures 7 and 8, still another embodiment of the present invention can be 
seen. In this embodiment, spaced mat forming structures 41 and 42 can be seen. Each structure 
includes a melt blown die source 43 with die orifices 44 serving to have attenuated therefrom 
fiber feed paths 46 unto spaced cylindrical, fiuid pervious rotatable cylindrical collectors 47, 
each collector including coolant or vacuum piping with a distal expanders 48 - the structure 
described so far being comparable to that structure of Figures S and 6 except for a single idler 
roll SO being positioned between the spaced rotating collector 47^^m^ ex:cept for the fact that t^^^ 
cylindrical rotatable collectors 47 are rotated in opposite directions from each other. It also is tO; 
be noted in this embodiment of the invention that tiie fiber feed paths 46 are directed to the 
fourth cross-sectional quadrant of the collectors as distinguished from the fust cross-sectional 
quadrant- as can be seen in Figures 1 and 5. 

In the embodiment of the invention of Figure 7 and as can be seen in Figure 8 disclosing 
a schematic cross-sectional view of a layered fibrous mat 49 produced by the mat forming 
arrangement of Figure 7^ fine fiber layers SI and coarse fiber layers S2 are shown with both outer 
surfaces S3 and S4 haying comparatively smooth, skin-like prppotia. As aboye discu^ 
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fino' fibers of layers 51 have comparatively smaller fiber size (Ustributiqn piopertics^ 
coarser layers 52.. 

In still another embodiment oif the invention as disclosed in -Figures 9 and 10 of the 
drawings, mat forming structures 56 and 57 can be seen. Like that of Figure 7 each structure 56 
and 57 indiides a m^t blown die source 58 witii die orifices 59 serving to have attenuated 
therefrom fiber feed padis 61 imto spaced cylindrical, fluid povious, rotatable cylindrical spaced 
collectors 62, eadi coUectCKr iiichidling coolant or vainiuni piping wit^ a jdistal expmda 63!^^^ ' 

In this embodiment of Figure 9, the spaced <»lleiptois 6i are s^^ 
same direction. However, the fiber feed path 61 in mat forming sthicuiie 56 is directed to the 
crcAs-sectional first quadrant of rotatable collector 62 whoreas tiie fiber feed path 61 in mat 
forming structure 57 is directed to the cross-sectional fourth quadrant of its rotatable collector 
62. A suitable idler roll 64 is shown positioned between spaced rotatable collectors 62 to direct 
the produced fibrous layers fix)m one rotatable collector 62 to the otho* spaced fluid pervious 
rotatable collected 62. 

As aboye^ the pn)duc!(d fibier laycas can be of cparM and fiiie fibm with the fin^ 
one fiber feed path 61 having iji smaller fiber size distribution ti^ the fiber feed |iath of the 
fiber feed path 61. 

Referring to Figure 10, the cross-section of a portion of a fibrous mat 66 can be seen as 
produced by and arrangement such as disclosed in Figure 9. This mat is shown as including 
layers 67 of fine fibers and layeis of coarse fibers 68. In thisrembodiment, both outer surfaces 69 
and 71 have bem formed so as to be of smoodi, skin-lite nature. 

Figures 11 and 12 show still a furth^ embodinient of the present unified invention. ; 
Figure 11 is shown to inchade melt blovm inat formiiig^^^^^^^ 



includes melt blown die source 74 widi die orifices 76 serving ^ have aAtenuate^^ therefrom fiber 
feed paths 77 unto spaced^ cylindrical^ fluid pervious, rdtatable cylindrical collector 78. As 
above, for Figures 9, each collector 78 includes coolant or vacuum piping with a distal expander 
79. 

In this Figure ,11. the spaced rotatable, cylindrical collectors are shown as rotaiable in 
opposite directions with fiber feed paths 77 being directed to the first cross-sectional quadrant of 
each rotatable collector. A suitable idler roll 81 can be sera positioned between spaced 
collectors 78. 

In the embpdknent of Figure 12, fiber attenuation paths 77 for mat forming structures 72 
and 73 can be of cbarse and fine fibers, respectively with the finer fibers having a smdler fiber 
size distribution than the coarsar fibers. 

Referring to Figure 12, the cross-section of a portion of a fibrous mat 82 can be seen as 
produced by an arrangemrat such as disclosed in Figure 11. This mat 82 is shown as including 
layers 83 of fine fibers and layers of coarse fibers 84. As in Figure 10, both outer surfaces 86 
and 87 have been formiKl so as to bje of smooth, skih-^ 

Thus, in accordance with the seveial embodiineiiib uive^^ 
can be seen that relatively strong webs of fiber medium qm produced ft^ 
attenuating structures advantageously of die melt blown type but not necessarily limited thereto 
with fiber feed paths feeding attenuated fibers of selective fine and coarser nature over a 
selective distance and in a selectively contacting manner to spaced rotatable cylindrical 
collectors which, in the several embodiments disclosed, can be rotated m different manners with 
respect to each other. The resulting fibrous mat products - which are particularly suited for fiuid 
filtration, provide a number of unique and novel features to tibe fU including controlled : 
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outer smooth, skin-like fibrous mat isurfaces y^ch serve to miniih i^e amount of 4o^ 
on the web surface. And, as can be seen in Figure ll, ^e fibrous ma^ 
provides an increased bond strength in pounds when the inventive mat is compared to two well 
known other fibrous mats which are now available on the commercial market. 
In this regaid, the chart of Figure 13, compares bond strengths in pounds across eight (8) edge- 
to-edge spacer stations of an inventive fibrous mat product as represented by the full line 88 
when compared in performance with the two other commercially available fibrous mat products 
represented by lon^ dash line 89 and the shelter 
The mventidh dainiedl isi; 
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